Introduction: We aimed to determine the prevalence of self-reported adverse health status among childhood acute lymphoblastic leukemia (ALL) survivors and to identify associations between components of physical fitness and health status.
INTRODUCTION
Over recent decades, survival rates for pediatric acute lymphoblastic leukemia (ALL) have improved, such that approximately 90% of children will survive for at least 5 years following diagnosis. 1 Despite these improvements, ALL survivors are at increased risk for chronic ill-capacity, and with decreased risk for cardiovascular disease, [10] [11] [12] hypertension, 11 non-insulin-dependent diabetes mellitus, 11, 13, 14 and some cancers. 15 Given the direct contribution of fitness to physical performance and its association with decreased disease risk, it is reasonable to surmise that deficits in fitness may be associated with poor health status among ALL survivors. Characterization of fitness deficits that contribute to adverse health status is important, as fitness deficits may be amenable to intervention. Maximizing fitness and physical performance has the potential to improve both physical and mental health among survivors of childhood ALL.
The aims of this study were first, to determine the prevalence of self-reported adverse health status among adult survivors of childhood ALL treated between 1980 and 2003 and compare the prevalence among survivors to those of an age-, sex-, and race-matched control group, and second, to identify components of physical fitness that are associated with health status among ALL survivors. 16 
METHODS
Participants were members of the St. Jude Lifetime Cohort (SJLIFE), a study designed to characterize health outcomes among aging survivors of childhood cancer. Participants previously treated for childhood cancer at St. Jude Children's Research Hospital (SJCRH), and who were at least 10 years from diagnosis and ≥18 years of age at followup, were invited to return to campus where they underwent clinical assessment. For this ancillary study, eligible participants included those survivors who were diagnosed with ALL between 1980 and 2003, and who had not been diagnosed with a congenital neuromusculoskeletal or cardiopulmonary condition. A comparison group was recruited from a random sample of family, relatives, and friends of children receiving active treatment for childhood cancer at SJCRH (www.clinicaltrials.gov #NCT01047020). As part of the scheduling process, patients were asked to provide contact information for relatives or friends who would be interested in participating in SJLIFE as a control participant. From this pool, a control was selected for each enrolled survivor based on sex, age, and race and invited to participate. This study was approved by the SJCRH Institutional Review Board.
Participants provided written informed consent prior to completing all study measures and were compensated for their participation.
The primary outcome of this study was self-reported health status, which we measured using the domains of general health, mental health, functional impairments, and activity limitations. 5, 17 For the first domain, participants were categorized as having poor general health if they responded with "fair" or "poor" to the question "Would you say that your health is excellent, very good, fair, or poor." Mental health was measured based on responses to the Brief Symptom Inventory (BSI-18). 18 Participants who had a significant elevation (≥63) on any subscale, Depression, Anxiety, Somatization, or on the Global Status Index, were classified as having poor mental health. Questions assessing functional impairments and activity limitations were adapted from the National Health Interview and Survey and the Behavioral Risk Factor Surveillance System Survey Questionnaire. 19, 20 Functional status was determined from three questions that asked participants whether they had any impairments or health problem that resulted in needing "help with personal care, such as eating, bathing, dressing or getting around your home," requiring "help in handling routine needs, such as everyday household chores, doing necessary business, shopping or getting around for other purposes" or keeping you from holding a job or attending school." Participants who reported requiring assistance with personal care or routine needs, or who had health problems that interfered with attending work or school were classified as having functional impairments. Activity status was determined from three questions that asked participants whether in the last 2 years their health was limited for more than 3 months in the kinds or amounts of moderate activity that they could do (such as moving a table, carrying groceries, bowling; walking upstairs or climbing stairs; or walking one block). Those who reported that their health limited their ability to perform these tasks were classified with activity limitations.
Physical fitness was assessed by performing measures of exercise capacity, flexibility, body composition, and muscular strength and endurance. Resting heart rate was measured in duplicate after 5 min of quiet sitting. 21 A submaximal (85% of age-predicted maximum heart rate) cardiopulmonary exercise test, using a modified Bruce protocol, continuous electrocardiographic monitoring, and breath-bybreath gas analysis (Ultima CardiO2, MGC Diagnostics, St. Paul, MN) was performed to estimate peak oxygen uptake (ml/kg/min). 22 Flexibility was assessed using the sit and reach test (Flex-tester, Novel Products, Rockton, IL). 23 Whole-body dual energy X-ray absorptiometry scans were performed to determine whole body fat percentage and appendicular lean mass (Hologic 4500 QDR fan array scanner, Bedford MA). [24] [25] [26] [27] [28] Isokinetic knee extension (Nm/kg at 60 and 300 • /sec) and ankle dorsiflexion (Nm/kg at 60 and 90 • /sec) were performed to measure muscular strength and endurance (Biodex System III, Shirley, NY). 29 We also collected information on balance and physical activity.
Balance was characterized with the Sensory Organization Test (SOT) composite score from computerized dynamic posturography (SmartEquitest, Natus Medical Incorporated, CA). 30 Physical activity levels were measured using a triaxial accelerometer (wGT3X-BT; ActiGraph, Pensacola, FL), which was worn by participants over the right hip for 7 days. Survivors who expended more than 450 metabolic equivalents of tasks (per week) in moderate or vigorous physical activity were considered physically active. 31 All survivors underwent a clinical evaluation consistent with the risk-based screening and surveillance guidelines recommended by the Children's Oncology Group (www.survivorshipguidelines.org). Medical history was ascertained from medical records and participant questionnaires. Chronic health conditions were classified using the National Cancer Institute Common Terminology Criteria for Adverse Events version 4.03 as mild (grade 1), moderate (grade 2), serious/disabling (grade 3), or life-threatening (grade 4). 32 The prevalence of poor status for each of the health domains of interest was determined for both survivors and controls. Means and standard deviations (SDs) were calculated for each fitness measure and body composition and compared between survivors reporting good and poor health status, and between controls reporting good and poor health status, using t-tests. Generalized linear models were used to compare the prevalence of adverse health status outcomes between survivors and controls, and to examine associations between fitness metrics and self-reported health status among survivors. In the first instance, multiple linear models with each health status domain serving as the dependent variable were used to compare the risk of adverse outcomes between survivors and controls, adjusting for age at assessment, sex, and race. In the second instance, univariate analyses were performed to test associations between fitness metrics and poor status for each health domain examined in the study. To facilitate these analyses, z-scores were calculated for survivors using mean, variance, and SD for each fitness measure from the control data; survivors with a z-score of 1.5 or more SD below zero were classified as having low performance. We chose a z-score of -1.5 to classify survivors as having poor performance on our fitness measures as we believe that any potential interventions in this population would target survivors with low to abnormally low fitness, rather than specifically those with abnormally low or compromised fitness. As correlations between fitness metrics were high, one fitness metric for each of the five domains of fitness (i.e. strength, endurance, flexibility, body composition, and cardiopulmonary fitness) and balance was selected for inclusion in multivariable analyses. Estimates were reported as risk ratios (RR) with 95% confidence intervals (CI).
RESULTS
Of the 416 potentially eligible survivors of ALL, 365 (88%) agreed to participate. The mean age at interview for participating survivors was 28.6 ± 5.9 years and 29.0 ± 7.5 years for controls (N = 365), while the mean age for nonparticipant survivors at follow-up was 27.0 ± 5.4 years ( Table 1) . Survivor participants and nonparticipants did not differ by sex, race, or age at diagnosis or interview, or by exposure to cranial radiotherapy (P > 0.05). Fifty-two percent of participating survivors and controls were male and 87% were of white, non-Hispanic descent.
The prevalences of poor general health, poor mental health, functional impairments, and activity limitations among survivors were 20.6%, 28.0%, 10.5%, and 29.0%, respectively. The prevalences of poor general health, poor mental health, functional impairments, and activity limitations in controls were 10.4%, 14.5%, 4.1%, and 14.4%, respectively. In models adjusted for age, sex, and race, survivors were more likely to report poor general health (RR = 2.0, 95% CI = 1.4-2.9), poor mental health (RR = 1.9, 95% CI = 1.4-2.6), functional impairments (RR = 2.5, 95% CI = 1.4-4.6), and activity limitations (RR = 2.0, 95% CI = 1.5-2.7) when compared to controls.
The prevalence of adverse health outcomes among survivors and controls by sociodemographic characteristics are shown in Supplementary Table S1 . Survivors who attained high school education or less were more likely to report adverse general heath (RR = 1.53, 95% CI = 1.09-2.14, P = 0.013), poor mental health (RR = 2.09, 95% CI = 1.43-3.05, P < 0.001), functional impairments (RR = 2.69, 95% CI = 1.11-6.52, P = 0.028), or activity limitations (RR = 1.62, 95% CI = 1.12-2.36, P = 0.011) than survivors who received some college education. Survivors who were older at assessment had an increased risk of reporting activity limitations (≥35 vs. <25 years, RR = 2.38, 95% CI = 1.23-3.87, P = 0.008; 30-35 vs. <25 years, RR = 2.8, 95% CI = 1.42-3.99, P = 0.001). Table 2 
DISCUSSION
This study reports the prevalence of adverse health status outcomes among a contemporary cohort of adults survivors of childhood ALL, and is among the first to examine associations between directly assessed fitness metrics and self-reported health status. In the current study, the prevalence of poor general health, poor mental health, functional impairments, and activity limitations among adult survivors of childhood ALL was higher than that reported among survivors in previous studies, 5 and approximately two-fold higher than that reported in a matched non-cancer-control population. Importantly, among survivors reporting poor general health, functional impairments, activity limitations, and mean performance on several fitness metrics including strength, endurance, cardiopulmonary capacity, and balance were lower than that observed in survivors not reporting these outcomes.
These findings are significant given that many aspects of fitness are amenable to interventions in noncancer populations. [33] [34] [35] [36] We found that adult survivors of childhood ALL have an approximately two-fold higher prevalence of adverse health status than age-, sex-, and race-matched controls for the domains of general and mental health, functional impairments, and activity limitations, a finding consistent with that of the Childhood Cancer Survivor Study (CCSS). 5 In the CCSS report, survivors of leukemia had a 1.7-to 2.2-fold increased risk of poor general health, poor mental health, and activity limitations, as well as a 3.8-fold increased risk of functional impairment relative to their siblings. 5 However, the overall prevalence of poor general and mental health and activity limitations were lower among ALL survivors and siblings in the CCSS when compared to our study. 5 This difference may be due to the fact that a greater proportion of survivors in the current study were treated on more contemporaneous protocols than those followed in the CCSS. In a recent study, ALL survivors treated in the 1990s were more likely to report poor general health than those treated in the 1970s. 37 The authors speculated that survivors treated in more recent eras may have had increased access to systematic screening, follow-up care, and education regarding the risk of medical late effects, which could alter perceptions of health. Alternatively, it was suggested that an increase in the proportion of survivors with chronic illnesses, as a result of intensified care for high-risk patients who would have previously died, may have contributed to poor self-perceived health among more recently treated patients.
TA B L E 1 Demographic characteristics of ALL survivors and control group
We observed that deficits in knee extension strength and balance were associated with poor status across multiple health domains. Our data are in accord with studies from noncancer populations showing that cardiopulmonary fitness and muscle strength can influence self-reported health. 38, 39 Fitness deficits among ALL survivors may occur as a direct manifestation of injury to nerves and muscles, or as a result of organ system damage following cancer treatment, and is supported by studies showing that ALL survivors exposed to vincristine and intrathecal methotrexate are at risk for peripheral sensorimotor impairments 40, 41 and balance deficits, 42 respectively. It was interesting to observe that while impairment in strength at slower speeds was associated with poor self-reported health status, strength at faster speed was not. It is possible that activities of daily living, such as walking upstairs or downstairs or getting out of a chair, may be influenced by losses in strength at slower speeds. Alternatively, an individual might not notice loss of fast speed. Our finding raises the question of whether the association between fitness and health status was due to the direct effects of being fit in of itself, or whether fitness may decline among survivors as a result of the presence of chronic disease. Nevertheless, the strong associations observed 
TA B L E 2
Mean performances on selected fitness metrics for both ALL survivors and controls as a function of poor health
RR 95% CI
F I G U R E 1 Multivariable analyses of fitness measures associated with adverse health status in ALL survivors. Generalized linear models were used to examine associations between fitness metrics, and self-reported health status (poor general health, poor mental health, functional impairment, and activity limitations) among survivors. To facilitate these analyses, z-scores were calculated for survivors using the mean and standard deviation for each fitness measure from; survivors with a z-score of -1.5 or lower were classified as having poor performance. A z-score cut-point of -1.5 was selected as, based on a standard normal distribution, 6.7% of controls are expected to fall below this cut-point between specific fitness deficits and adverse health status in our study warrant further investigations to assess whether future interventions designed to address deficits in strength and balance could improve health status and quality of life among survivors of ALL.
The current study has several strengths. First, the study population consisted of a relatively large cohort of ALL survivors, whose sociodemographic and treatment characteristics were well described, and included a matched control group. Second, over half of the participants were treated without cranial radiation. Hence, this study provides information that might be more relevant for patients treated on recent protocols. Third, this study was strengthened by the use of multiple objective physical performance measures to characterize fitness. The current study was limited by the lack of racial diversity of participants, which restricted our ability to generalize find- 
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